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(54) METHOD AND APPARATUS FOR PREPARING FULLERENE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
preparing fullerene by which the fullerene is efficiently 
separated and recovered from a large quantity of a soot :6y 
like material produced in the mass production of "'%. 
fullerene. 

SOLUTION: A hydrocarbon raw material is incompletely 
combusted or thermally decomposed to produce a soot- 
like material-containing gas stream containing fullerene, 
a polycyclic aromatic compound and a carbon-based 
high polymer component. The high temperature soot-like 
material-containing gas stream is passed through a heat 
resistant filter 20 to separate and remove a vaporized 
material consisting essentially of the polycyclic aromatic 
compound to obtain the soot-like material-containing 
fullerene. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

The process which makes the soot-like matter content air current which contains fullerene, a multi- 
annular aromatic compound, and a carbon system macromoiecule component by carrying out the 
incomplete combustion of the hydrocarbon raw material, or pyrolyzing a hydrocarbon raw material 
generate, 

The manufacture approach of the fullerene which lets said soot-like matter content air current of the 
elevated-temperature condition acquired at said process pass in a heat-resistant filter, carries out 
separation removal of the evaporation object which makes said multi-annular aromatic compound a 
subject, and is characterized by having the process which obtains the soot-like matter including said hula 
lane. 
[Claim 2] 

The manufacture approach of the fullerene characterized by separating said fullerene in the manufacture 
approach of fullerene according to claim 1 from said soot-like matter from which said multi-annular 
aromatic compound was removed. 
[Claim 3] 

The manufacture approach of the fullerene characterized by separating said fullerene from said soot-like 
matter from which said vaporized multi-annular aromatic compound was removed by extracting said 
fullerene with a solvent in the manufacture approach of fullerene according to claim 2. 
[Claim 4] 

The process which makes the soot-like matter content air current which contains fullerene, a multi- 
annular aromatic compound, and a carbon system macromoiecule component by carrying out the 
incomplete combustion of the hydrocarbon raw material, or pyrolyzing a hydrocarbon raw material 
generate, 

The manufacture approach of the fullerene characterized by letting said soot-like matter content air 
current of the elevated-temperature condition acquired at said process pass in a heat-resistant filter, and 
having the process which separates the evaporation object which makes a subject said multi-annular 
aromatic compound and mixture of said fullerene in the state of an air current.. 
[Claim 5] 

The manufacture approach of the fullerene which carries out temperature of said evaporation object of 
an air-current condition below at the temperature which said fullerene solidifies beyond the evaporation 
temperature of said multi-annular aromatic compound, and is characterized by collecting said solidified 
fullerene in the manufacture approach of fullerene according to claim 4. 
[Claim 6] 

It is the manufacture approach of the fullerene characterized by performing recovery of said fullerene 
using another heat-resistant filter in the manufacture approach of fullerene according to claim 5. 
[Claim 7] 

The manufacture approach of the fullerene characterized by lowering the temperature of the air current 
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which passed said heat-resistant filter in the manufacture approach of fullerene according to claim 4, 
making said multi-annular aromatic compound and said fullerene solidify and/or liquefy, and collecting. 
[Claim 8] 

The manufacture approach of the fullerene characterized by obtaining the fullerene which raised the 
purity in which the solubility of fullerene carried out elution separation of the multi-annular aromatic 
compound, and remained with the organic solvent with the high solubility of a multi-annular aromatic 
compound low from said multi-annular aromatic compound and the mixture of fullerene in the 
manufacture approach of fullerene according to claim 7. 
[Claim 9] 

The manufacture approach of the fullerene which heats said multi-annular aromatic compound and the 
mixture of fullerene, carries out evaporation separation of said multi-annular aromatic compound, and is 
characterized by obtaining the fullerene which remained in the manufacture approach of fullerene 
according to claim 7. 
[Claim 10] 

It is the manufacture approach of the fullerene characterized by said hydrocarbon raw material 
consisting of aromatic hydrocarbon of carbon numbers 6-20 in the manufacture approach of fullerene 
given in any 1 term of claims 1-9. 
[Claim 11] 

It is the manufacture approach of the fullerene characterized by for said soot-like matter content air 
current turning into a revolution style in the manufacture approach of fullerene given in any 1 term of 
claims 1-10, and flowing the inside of piping. 
[Claim 12] 

Fullerene generation equipment which makes the air current containing fullerene, a multi-annular 
aromatic compound, and the soot-like matter containing a carbon system macromolecule component 
generate from a hydrocarbon raw material, 

The manufacturing installation of the fullerene characterized by having the decollator equipped with the 
heat-resistant filter which separates said fullerene and a carbon system macromolecule component 
excluding said multi-annular aromatic compound of a gaseous state from the air current containing said 
soot-like matter. 
[Claim 13] 

Fullerene generation equipment which makes the air current containing fullerene, a multi-annular 
aromatic compound, and the soot-like matter containing a carbon system macromolecule component 
generate from a hydrocarbon raw material, 

The manufacturing installation of the fullerene characterized by having the decollator equipped with the 
heat-resistant filter which is made to pass said multi-annular aromatic compound and said fullerene of a 
gaseous state, and separates said carbon system macromolecule component from the air current 
containing said soot-like matter. 
[Claim 14] 

The manufacturing installation of the fullerene characterized by establishing the gas temperature fall 
means which cools the air current generated from said fullerene generation equipment to predetermined 
temperature between said fullerene generation equipment and said decollator in the manufacturing 
installation of fullerene given in any 1 term of claims 12 and 13. 
[Claim 15] 

The manufacturing installation of the fullerene characterized by having the air-current revolution device 
in which said gas temperature fall means is revolved in the air current which passes through the inside of 
the path of the cross-section round shape which had the perimeter cooled, and this path in the 
manufacturing installation of fullerene according to claim 14. 
[Claim 16] 

The manufacturing installation of the fullerene characterized by forming the decompression device with 
which said fullerene generation equipment is decompressed and this fullerene generation equipment to 
said decollator attracts further the gas which conveys said soot-like matter in the manufacturing 
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installation of fullerene given in any 1 term of claims 12-15. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the manufacturing installation and the manufacture approach of the fullerene 
which is a new carbon material, and the fullerene which has the molecular structure of C60, C70, C76, 
C78, C82, and C84 especially. 
[0002] 

[Description of the Prior Art] 

Although the molecule-like carbon matter new type called the carbon cluster (spherical macromolecule) 
of the closed shell structured type of carbon numbers 60 and 70 and 84 grades was compounded in 
recent years, the carbon cluster which has this special molecular structure is also called fullerene, and is 
called fullerene C60, this C70, this C84, etc. by the carbon number which constitutes that molecule 
frame (only called C60, C70, and C84 grade). 

These fullerene (only henceforth "fullerene") is new carbon materials, and since it is expected that 
unique physical properties will be shown from the special molecular structure, research on the property 
and application development is advanced briskly. As for fullerene, the application to fields, such as for 
example, diamond coating, a cell ingredient, a coating, a heat insulator, lubricant, drugs, and cosmetics, 
is expected. 
[0003] 

As the manufacture approach of fullerene, although the arc discharge method, the resistance heating 
method, the laser evaporation method, the combustion method, etc. are known, the combustion method 
to which the incomplete combustion of the annular aromatic hydrocarbon, such as benzene, is carried 
out is expected as an approach of manufacturing a lot of fullerene cheaply. 

Moreover, as an approach of separating fullerene, the solvent extraction method is known from the soot- 
like matter containing fullerene. The carbon system giant-molecule component which occupies many of 
other soot-like matter to fullerene dissolving this in organic solvents, such as benzene, toluene, and a 
carbon disulfide, and which is the so-called "soot" is an approach using the property to be hard to 
dissolve in an organic solvent like graphite or amorphous carbon. 
[0004] 

Moreover, as an option which separates fullerene from the soot-like matter, the soot-like matter is heated 
under a high vacuum and the approach (the sublimating method) to which fullerene is made to sublimate 
is also learned. This sublimating method is the special separation approach which needs an elevated 
temperature 400 degrees C or more and the high vacuum conditions below 0.133Pa (10-3Torr), and 
since a solvent extraction method is easy to operate it compared with it, it is used widely. 
Furthermore, the fullerene obtained by the extract is a solution which mainly contains C60 and C70, and 
in order to separate single fullerene from this solution, the approach of carrying out clathration of the 
fullerene else [, such as column chromatography separation and judgment recrystallization, ] etc. is 
applied. 
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[0005] 

In addition, after carrying out contact processing of the solution which extracted the soot-like matter 
containing C60 with the organic solvent as the fullerene separation approach from the soot-like matter, 
and was obtained and which mainly contains C60 with activated carbon, there is a method of refining 
C60 by carrying out separation removal of the organic solvent from the obtained processing liquid (for 
example, patent reference 1 reference.). 

Moreover, as a separation refiner of fullerene, the separation refiner of the batch type containing a 
heating container, a trap, and a decompression device is known. It specifically connects with the heating 
container and this heating container for making fullerene heat and sublimate, and has a decompression 
device for carrying out reduced pressure suction of the interior of the trap for depositing the sublimated 
fullerene, and a heating container and a trap at least, and the heating container, the trap, and the 
decompression device are arranged in this sequence (for example, patent reference 2 reference.). 
[0006] 

[Patent reference 1] 
JP,5-85711,A 
[Patent reference 2] 
JP,9-227111,A 
[0007] 

[Problem(s) to be Solved by the Invention] 

However, each of these separation purification approaches is batch types, and is the purification 
techniques for the little soot-like matter. Therefore, it is unsuitable for fullerene manufacture on the 
industrial scale which makes a lot of soot-like matter applicable to purification. 
Moreover, current [ which is represented by carbon black ], the carbon system macromolecule 
component which is worthy soot industrially are contained in this soot-like matter in large quantities. 
Therefore, from a lot of soot-like matter, also in order to also use these carbon system macromolecule 
component effectively, development of the manufacturing installation of fullerene which can separate a 
carbon system macromolecule component and fullerene as efficiently as possible, and the manufacture 
approach was desired. 
[0008] 

Moreover, also in the manufacture approach of fullerene, the multi-annular aromatic compound 
generated with fullerene had become a problem. When manufacturing fullerene by the approach 
(combustion method) of carrying out the incomplete combustion of the organic substance, such as 
toluene, under the temperature and the flow and pressure requirement specifically controlled, it is known 
that the soot-like matter containing two or more fullerene which is mainly concerned with C60 and C70 
will generate. 
[0009] 

Also in an aromatic compound, in presentation, as for this multi-annular aromatic compound, the 
appearance represented by the benzopyrene has few rates of a hydrogen atom, and it is similar to it with 
fullerene. Therefore, when intermingled in fullerene, the reactivity of fullerene may be checked, or the 
property of the proper of fullerene may be affected. Moreover, a these multi-annular aromatic compound 
is poison, and it is necessary to reduce it as much as possible from the fieid of safety generally. 
[0010] 

However, when the solubility to the solvent of fullerene and a multi-annular aromatic compound is 
measured, generally the solubility of a multi-annular aromatic compound is higher 10 or more times. If a 
solvent extracts the soot-like matter for the reason, it will be difficult to extract fullerene alternatively 
and it will extract most multi-annular aromatic compounds in the soot-like matter to coincidence to an 
extract. Even if for that reason it condenses and dries an extract, or it carries out solid content which 
condensed the extract and deposited a ** exception, dries and it obtains a solid-state (fullerene is mainly 
included) in order to obtain fullerene from this extract as a solid-state, the problem that about 0.01 - 10% 
of multi-annular aromatic compound will usually be contained is in this solid-state. 
This invention was made in view of this situation, and aims at offering the manufacture approach of the 
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fullerene which carries out separation recovery of the fullerene efficiently from a lot of soot-like matter 
to generate, and its manufacturing installation in the case of extensive manufacture of fullerene. 
[0011] 

[Means for Solving the Problem] 

The manufacture approach of the fullerene concerning the 1st invention in alignment with said purpose 
By carrying out the incomplete combustion of the hydrocarbon raw material, or pyrolyzing a 
hydrocarbon raw material The process which makes fullerene, a multi-annular aromatic compound, and 
the soot-like matter content air current containing a carbon system macromolecule component generate, 
It lets said soot-like matter content air current of the elevated-temperature condition acquired at said 
process pass in a heat-resistant filter, separation removal of the evaporation object which makes said 
multi-annular aromatic compound a subject is carried out, and it has the process which obtains the soot- 
like matter including said hula lane. A multi-annular aromatic compound is easily removable from a 
soot-like matter content air current with this. 
[0012] 

Moreover, the manufacture approach of the fullerene concerning the 2nd invention has separated said 
fullerene from said soot-like matter from which said multi-annular aromatic compound was removed in 
the manufacture approach of the fullerene concerning the 1st invention. 

The manufacture approach of the fullerene concerning the 3rd invention has separated said fullerene 
from said soot-like matter from which said vaporized multi-annular aromatic compound was removed 
by extracting said fullerene with a solvent in the manufacture approach of the fullerene concerning the 
2nd invention. 
[0013] 

The manufacture approach of the fullerene concerning the 4th invention by carrying out the incomplete 
combustion of the hydrocarbon raw material, or pyrolyzing a hydrocarbon raw material The process 
which makes fullerene, a multi-annular aromatic compound, and the soot-like matter content air current 
containing a carbon system macromolecule component generate, It lets said soot-like matter content air 
current of the elevated-temperature condition acquired at said process pass in a heat-resistant filter, and 
has the process which separates the evaporation object which makes a subject said multi-annular 
aromatic compound and mixture of said fullerene in the state of an air current. 
[0014] 

Said fullerene which the manufacture approach of the fullerene concerning the 5th invention is below 
the temperature that said fullerene solidifies, carried out temperature of said evaporation object of an air- 
current condition in the manufacture approach of the fullerene concerning the 4th invention beyond the 
evaporation temperature of said multi-annular aromatic compound, and was solidified is collected. 
The manufacture approach of the fullerene concerning the 6th invention is performing recovery of said 
fullerene in the manufacture approach of the fullerene concerning the 5th invention using another heat- 
resistant filter. 

In the manufacture approach of the fullerene concerning the 4th invention, the manufacture approach of 
the fullerene concerning the 7th invention lowers the temperature of the air current which passed said 
heat-resistant filter, and it is made to solidify and/or liquefy and it is collecting said multi-annular 
aromatic compounds and said fuiierene. 
[0015] 

The manufacture approach of the fullerene concerning the 8th invention has obtained the fullerene 
which raised the purity in which the solubility of fullerene carried out elution separation of the multi- 
annular aromatic compound, and remained with the organic solvent with the high solubility of a multi- 
annular aromatic compound low from said multi-annular aromatic compound and the mixture of 
fullerene in the manufacture approach of the fullerene concerning the 7th invention. 
The manufacture approach of the fullerene concerning the 9th invention heats said multi-annular 
aromatic compound and the mixture of fullerene in the manufacture approach of the fullerene 
concerning the 7th invention, and carries out evaporation separation of said multi-annular aromatic 
compound, and the fullerene which remained is obtained. 
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[0016] 

Said hydrocarbon raw material consists of aromatic hydrocarbon of carbon numbers 6-20 in the 
manufacture approach of the fullerene which the manufacture approach of the fullerene concerning the 
10th invention requires for the 1st - the 9th invention. 

In the manufacture approach of the fullerene which the manufacture approach of the fullerene 
concerning the 1 1th invention requires for the 1st - the 10th invention, said soot-like matter content air 
current turns into a revolution style, and flows the inside of piping (path). 
[0017] 

The manufacturing installation of the fullerene concerning the 12th invention It is the manufacturing 
installation of the fullerene which applies the manufacture approach of the fullerene concerning the 1st 
invention. The fullerene generation equipment which makes the air current containing fullerene, a multi- 
annular aromatic compound, and the soot-like matter containing a carbon system macromolecule 
component generate from a hydrocarbon raw material, It has the decollator equipped with the heat- 
resistant filter which separates said fullerene and a carbon system macromolecule component excluding 
said multi-annular aromatic compound of a gaseous state from the air current containing said soot-like 
matter. 
[0018] 

The manufacturing installation of the fullerene concerning the 13th invention It is the manufacturing 
installation of the fullerene which applies the manufacture approach of the fullerene concerning the 4th 
invention. The fullerene generation equipment which makes die air current containing fullerene, a multi- 
annular aromatic compound, and the soot-like matter containing a carbon system macromolecule 
component generate from a hydrocarbon raw material, It has the decollator equipped with the heat- 
resistant filter which is made to pass said multi-annular aromatic compound and said fullerene of a 
gaseous state, and separates said carbon system macromolecule component from the air current 
containing said soot-like matter. 
[0019] 

In the manufacturing installation of the fullerene which the manufacturing installation of the fullerene 
concerning the 14th invention requires for the 12th and 13th invention, the gas temperature fall means 
which cools the air current generated from said fullerene generation equipment to predetermined 
temperature is established between said fullerene generation equipment and said decollator. 
The manufacturing installation of the fullerene concerning the 15th invention equips said gas 
temperature fall means with the path of the cross-section round shape which had the perimeter cooled, 
and the air-current revolution device in which it is made to circle in the air current which passes through 
the inside of this path, in the manufacturing installation of the fullerene concerning the 14th invention. 
The manufacturing installation of the fullerene concerning the 16th invention decompresses said 
fullerene generation equipment in the manufacturing installation of the fullerene concerning the 12th - 
the 15th invention, and the decompression device with which this fullerene generation equipment to said 
decollator attracts further the gas which conveys said soot-like matter is formed. 
[0020] 

[Embodiment of the Invention] 

Then, referring to the attached drawing, it explains per gestalt of the operation which materialized this 
invention, and an understanding of this invention is presented. 

The graph and drawing 4 which showed the weight reduction at the time of the outline block diagram of 
the manufacturing installation of the fullerene which drawing 1 requires for the gestalt of operation of 
the 1st of this invention here, the outline block diagram of the manufacturing installation of the fullerene 
which drawing 2 requires for the gestalt of operation of the 2nd of this invention, and drawing 3 heating 
the soot-like matter are a graph which shows the qualitative-analysis result of the gas which occurred 
when the said soot-like matter was heated. 
[0021] 

As shown in drawing 1 , the manufacturing installation 10 of the fullerene concerning the gestalt of 
operation of the 1st of this invention The fullerene generation furnace 1 1 which is an example of 
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fullerene generation equipment, and the component of the soot-like matter to fullerene and others and 
the decollator 12 which specifically separates a multi-annular aromatic compound and a carbon system 
macromolecule component according to conditions, It has the gas cooling equipment 13 which cools the 
gas which went via the decollator 12, and the decompression device 14 which consists of a vacuum 
pump which attracts the gas lowered by gas cooling equipment 13. Hereafter, these are explained in 
detail. 
[0022] 

With the gestalt of this operation, since generation of fullerene uses the combustion method, the 
fullerene generation furnace 1 1 makes the internal pressure reduced pressure conditions and the 
desirable condition (20 or more-Torr for example, 100 or less Torr) near a vacuum to atmospheric 
pressure. Fullerene hydrocarbon raw materials (only henceforth a hydrocarbon raw material) introduced 
from introductory tubing which was formed in the side face or base of this fullerene generation furnace 
1 1, and which is not illustrated, such as toluene and benzene, were gasified, and oxygen was mixed, and 
it considered as mixed gas, and has introduced in the fullerene generation furnace 11. 
[0023] 

And in the fullerene generation furnace 1 1, it has the burner 15 for carrying out the incomplete 
combustion of the hydrocarbon raw material. The mixed gas of a carbonaceous raw material and oxygen 
is supplied to a burner 15. The air current (soot-like matter content air current) which contains the soot- 
like matter containing fullerene continuously according to such structure can be manufactured. With the 
gestalt of this operation, from the hot soot-like matter content air current generated from this fullerene 
generation furnace 1 1, fullerene is separated and manufacture of a lot of [ continuous and ] fullerene is 
performed. 
[0024] 

The decollator 12 is installed in the lower stream of a river of the fullerene generation furnace 1 1 
through the gas temperature fall means 16. This gas temperature fall means 16 with the gestalt of this 
operation It has the pipe (piping, path) 17 cooled by predetermined temperature in the perimeter, and the 
inlet (not shown) which blows an air current from a slanting tangential direction into this pipe 17. When 
the soot-like matter content air current of a turbulent flow condition passes through the inside of this 
pipe 17 at an elevated temperature Cooling is carried out from a perimeter, the temperature is lowered to 
predetermined temperature (for example, beyond the liquefaction temperature of a multi-annular 
aromatic compound beyond [ below the solidification temperature of fullerene or beyond the 
solidification temperature of fullerene ] below the heat-resistant temperature of a decollator 12), and it is 
sent in the decollator 12. 
[0025] 

In addition, the inlet which generates a revolution style in a pipe 17 may be established in the flange 18 
of an entrance side, may connect a branch pipe to the exhaust pipe 19 connected to the fullerene 
generation furnace 1 1 further at plurality, and may connect this branch pipe to a slanting tangential 
direction in the location of the upstream of a pipe 17. Thus, since the air current passed by constituting 
touches the medial surface in a pipe 17 positively, it is cooled efficiently. Moreover, since an air current 
is positively passed near the wall by evaporation having a difficult carbon system giant-molecule 
component (carbon black being included) so much in an air current, and the rate of now of the waii part 
in a pipe 17 becoming slow, and establishing an air-current revolution device as mentioned above by the 
flow of the usual straight air current although it is in the inclination for the inside of a pipe 17 to be 
blockaded gradually, deposition of a solid is reducible. 
[0026] 

Moreover, the temperature of a soot-like matter content air current can also be lowered by changing into 
a turbulent flow condition the soot-like matter content air current which passes a pipe 17 as a gas 
temperature fall means 16, and making it pass. In this case, since it is easy to generate lock out of 
****** in a pipe 17, it is desirable to gather the rate of the gas passed as much as possible. 
[0027] 

A decollator 12 is for separating a part for the solid content in the soot-like matter content air current 
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generated from the fullerene generation furnace 11, and an air current, and equips the interior with the 
heat-resistant filter 20. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] 

This invention relates to the manufacturing installation and the manufacture approach of the fullerene 
which is a new carbon material, and the fullerene which has the molecular structure of C60, C70, C76, 
C78, C82, and C84 especially. 
[0002] 
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PRIOR ART 



[Description of the Prior Art] 

Although the molecule-like carbon matter new type called the carbon cluster (spherical macromolecule) 
of the closed shell structured type of carbon numbers 60 and 70 and 84 grades was compounded in 
recent years, the carbon cluster which has this special molecular structure is also called fullerene, and is 
called fullerene C60, this C70, this C84, etc. by the carbon number which constitutes that molecule 
frame (only called C60, C70, and C84 grade). 

These fullerene (only henceforth "fullerene") is new carbon materials, and since it is expected that 
unique physical properties will be shown from the special molecular structure, research on the property 
and application development is advanced briskly. As for fullerene, the application to fields, such as for 
example, diamond coating, a cell ingredient, a coating, a heat insulator, lubricant, drugs, and cosmetics, 
is expected. 
[0003] 

As the manufacture approach of fullerene, although the arc discharge method, the resistance heating 
method, the laser evaporation method, the combustion method, etc. are known, the combustion method 
to which the incomplete combustion of the annular aromatic hydrocarbon, such as benzene, is carried 
out is expected as an approach of manufacturing a lot of fullerene cheaply. 

Moreover, as an approach of separating fullerene, the solvent extraction method is known from the soot- 
like matter containing fullerene. The carbon system giant-molecule component which occupies many of 
other soot-like matter to fullerene dissolving this in organic solvents, such as benzene, toluene, and a 
carbon disulfide, and which is the so-called "soot" is an approach using the property to be hard to 
dissolve in an organic solvent like graphite or amorphous carbon. 
[0004] 

Moreover, as an option which separates fullerene from the soot-like matter, the soot-like matter is heated 
under a high vacuum and the approach (the sublimating method) to which fullerene is made to sublimate 
is also learned. This sublimating method is the special separation approach which needs an elevated 
temperature 400 degrees C or more and the high vacuum conditions below 0.133Pa (10-3Torr), and 
since a solvent extraction method is easy to operate it compared with it, it is used widely. 
Furthermore, the fullerene obtained by the extract is a solution which mainly contains C60 and C70, and 
in order to separate single fullerene from this solution, the approach of carrying out clathration of the 
fullerene else [, such as column chromatography separation and judgment recrystallization, ] etc. is 
applied. 
[0005] 

In addition, after carrying out contact processing of the solution which extracted the soot-like matter 
containing C60 with the organic solvent as the fullerene separation approach from the soot-like matter, 
and was obtained and which mainly contains C60 with activated carbon, there is a method of refining 
C60 by carrying out separation removal of the organic solvent from the obtained processing liquid (for 
example, patent reference 1 reference.). 

Moreover, as a separation refiner of fullerene, the separation refiner of the batch type containing a 
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heating container, a trap, and a decompression device is known. It specifically connects with the heating 
container and this heating container for making fullerene heat and sublimate, and has a decompression 
device for carrying out reduced pressure suction of the interior of the trap for depositing the sublimated 
fullerene, and a heating container and a trap at least, and the heating container, the trap, and the 
decompression device are arranged in this sequence (for example, patent reference 2 reference.). 
[0006] 

[Patent reference 1] 
JP,5-85711,A 
[Patent reference 2] 
JP,9-227111,A 
[0007] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] 

According to this invention explained above, it becomes possible to be able to separate manufacture of 
fullerene, and fullerene and other soot components continuously within one equipment, and to produce a 
lot of fullerene continuously. 

When the fullerene which attracts attention since various as the exotic material which bears the next 
generation, and new materials is manufactured on a scale of industrial, fullerene can be efficiently 
separated and collected from a lot of soot-like matter generated to coincidence. 

Furthermore, the multi-annular aromatic compound generated in the manufacture process of fullerene is 
separated efficiently, and fullerene with more high quality can be offered. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] 

However, each of these separation purification approaches is batch types, and is the purification 
techniques for the little soot-like matter. Therefore, it is unsuitable for fullerene manufacture on the 
industrial scale which makes a lot of soot-like matter applicable to purification. 
Moreover, current [ which is represented by carbon black ], the carbon system macromolecule 
component which is worthy soot industrially are contained in this soot-like matter in large quantities. 
Therefore, from a lot of soot-like matter, also in order to also use these carbon system macromolecule 
component effectively, development of the manufacturing installation of fullerene which can separate a 
carbon system macromolecule component and fullerene as efficiently as possible, and the manufacture 
approach was desired. 
[0008] 

Moreover, also in the manufacture approach of fullerene, the multi-annular aromatic compound 
generated with fullerene had become a problem. When manufacturing fullerene by the approach 
(combustion method) of carrying out the incomplete combustion of the organic substance, such as 
toluene, under the temperature and the flow and pressure requirement specifically controlled, it is known 
that the soot-like matter containing two or more fullerene which is mainly concerned with C60 and C70 
will generate. 
[0009] 

Also in an aromatic compound, in presentation, as for this multi-annular aromatic compound, the 
appearance represented by the benzopyrene has few rates of a hydrogen atom, and it is similar to it with 
fullerene. Therefore, when intermingled in fullerene, the reactivity of fullerene may be checked, or the 
property of the proper of fullerene may be affected. Moreover, a these multi-annular aromatic compound 
is poison, and it is necessary to reduce it as much as possible from the field of safety generally. 
[0010] 

However, when the solubility to the solvent of fullerene and a multi-annular aromatic compound is 
measured, generally the solubility of a multi-annular aromatic compound is higher 10 or more times. If a 
solvent extracts the soot-like matter for the reason, it will be difficult to extract fullerene alternatively 
and it will extract most multi-annular aromatic compounds in the soot-like matter to coincidence to an 
extract. Even if for that reason it condenses and dries an extract, or it carries out solid content which 
condensed the extract and deposited a ** exception, dries and it obtains a solid-state (fullerene is mainly 
included) in order to obtain fullerene from this extract as a solid-state, the problem that about 0.01 - 10% 
of multi-annular aromatic compound will usually be contained is in this solid-state. 
This invention was made in view of this situation, and aims at offering the manufacture approach of the 
fullerene which carries out separation recovery of the fullerene efficiently from a lot of soot-like matter 
to generate, and its manufacturing installation in the case of extensive manufacture of fullerene. 
[0011] 
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MEANS 



[Means for Solving the Problem] 

The manufacture approach of the fullerene concerning the 1st invention in alignment with said purpose 
By carrying out the incomplete combustion of the hydrocarbon raw material, or pyrolyzing a 
hydrocarbon raw material The process which makes fullerene, a multi-annular aromatic compound, and 
the soot-like matter content air current containing a carbon system macromolecule component generate, 
It lets said soot-like matter content air current of the elevated-temperature condition acquired at said 
process pass in a heat-resistant filter, separation removal of the evaporation object which makes said 
multi-annular aromatic compound a subject is carried out, and it has the process which obtains the soot- 
like matter including said hula lane. A multi-annular aromatic compound is easily removable from a 
soot-like matter content air current with this. 
[0012] 

Moreover, the manufacture approach of the fullerene concerning the 2nd invention has separated said 
fullerene from said soot-like matter from which said multi-annular aromatic compound was removed in 
the manufacture approach of the fullerene concerning the 1st invention. 

The manufacture approach of the fullerene concerning the 3rd invention has separated said fullerene 
from said soot-like matter from which said vaporized multi-annular aromatic compound was removed 
by extracting said fullerene with a solvent in the manufacture approach of the fullerene concerning the 
2nd invention. 
[0013] 

The manufacture approach of the fullerene concerning the 4th invention by carrying out the incomplete 
combustion of the hydrocarbon raw material, or pyrolyzing a hydrocarbon raw material The process 
which makes fullerene, a multi-annular aromatic compound, and the soot-like matter content air current 
containing a carbon system macromolecule component generate, It lets said soot-like matter content air 
current of the elevated-temperature condition acquired at said process pass in a heat-resistant filter, and 
has the process which separates the evaporation object which makes a subject said multi-annular 
aromatic compound and mixture of said fullerene in the state of an air current. 
[0014] 

Said fullerene which the manufacture approach of the fullerene concerning the 5th invention is below 
the temperature that said fullerene solidifies, carried out temperature of said evaporation object of an air- 
current condition in the manufacture approach of the fullerene concerning the 4th invention beyond the 
evaporation temperature of said multi-annular aromatic compound, and was solidified is collected. 
The manufacture approach of the fullerene concerning the 6th invention is performing recovery of said 
fullerene in the manufacture approach of the fullerene concerning the 5th invention using another heat- 
resistant filter. 

In the manufacture approach of the fullerene concerning the 4th invention, the manufacture approach of 
the fullerene concerning the 7th invention lowers the temperature of the air current which passed said 
heat-resistant filter, and it is made to solidify and/or liquefy and it is collecting said multi-annular 
aromatic compounds and said fullerene. 
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[0015] 

The manufacture approach of the fullerene concerning the 8th invention has obtained the fullerene 
which raised the purity in which the solubility of fullerene carried out elution separation of the multi- 
annular aromatic compound, and remained with the organic solvent with the high solubility of a multi- 
annular aromatic compound low from said multi-annular aromatic compound and the mixture of 
fullerene in the manufacture approach of the fullerene concerning the 7th invention. 
The manufacture approach of the fullerene concerning the 9th invention heats said multi-annular 
aromatic compound and the mixture of fullerene in the manufacture approach of the fullerene 
concerning the 7th invention, and carries out evaporation separation of said multi-annular aromatic 
compound, and the fullerene which remained is obtained. 
[0016] 

Said hydrocarbon raw material consists of aromatic hydrocarbon of carbon numbers 6-20 in the 
manufacture approach of the fullerene which the manufacture approach of the fullerene concerning the 
10th invention requires for the 1st - the 9th invention. 

In the manufacture approach of the fullerene which the manufacture approach of the fullerene 
concerning the 1 1th invention requires for the 1st - the 10th invention, said soot-like matter content air 
current turns into a revolution style, and flows the inside of piping (path). 
[0017] 

The manufacturing installation of the fullerene concerning the 12th invention It is the manufacturing 
installation of the fullerene which applies the manufacture approach of the fullerene concerning the 1st 
invention. The fullerene generation equipment which makes the air current containing fullerene, a multi- 
annular aromatic compound, and the soot-like matter containing a carbon system macromolecule 
component generate from a hydrocarbon raw material, It has the decollator equipped with the heat- 
resistant filter which separates said fullerene and a carbon system macromolecule component excluding 
said multi-annular aromatic compound of a gaseous state from the air current containing said soot-like 
matter. 
[0018] 

The manufacturing installation of the fullerene concerning the 13th invention It is the manufacturing 
installation of the fullerene which applies the manufacture approach of the fullerene concerning the 4th 
invention. The fullerene generation equipment which makes the air current containing fullerene, a multi- 
annular aromatic compound, and the soot-like matter containing a carbon system macromolecule 
component generate from a hydrocarbon raw material, It has the decollator equipped with the heat- 
resistant filter which is made to pass said multi-annular aromatic compound and said fullerene of a 
gaseous state, and separates said carbon system macromolecule component from the air current 
containing said soot-like matter. 
[0019] 

In the manufacturing installation of the fullerene which the manufacturing installation of the fullerene 
concerning the 14th invention requires for the 12th and 13th invention, the gas temperature fall means 
which cools the air current generated from said fullerene generation equipment to predetermined 
temperature is established between said fullerene generation equipment and said decollator. 
The manufacturing installation of the fullerene concerning the 1 5th invention equips said gas 
temperature fall means with the path of the cross-section round shape which had the perimeter cooled, 
and the air-current revolution device in which it is made to circle in the air current which passes through 
the inside of this path, in the manufacturing installation of the fullerene concerning the 14th invention. 
The manufacturing installation of the fullerene concerning the 16th invention decompresses said 
fullerene generation equipment in the manufacturing installation of the fullerene concerning the 12th - 
the 15th invention, and the decompression device with which this fullerene generation equipment to said 
decollator attracts further the gas which conveys said soot-like matter is formed. 
[0020] 

[Embodiment of the Invention] 

Then, referring to the attached drawing, it explains per gestalt of the operation which materialized this 
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invention, and an understanding of this invention is presented. 

The graph and drawing 4 which showed the weight reduction at the time of the outline block diagram of 
the manufacturing installation of the fullerene which drawing 1 requires for the gestalt of operation of 
the 1st of this invention here, the outline block diagram of the manufacturing installation of the fullerene 
which drawing 2 requires for the gestalt of operation of the 2nd of this invention, and drawing 3 heating 
the soot-like matter are a graph which shows the qualitative-analysis result of the gas which occurred 
when the said soot-like matter was heated. 
[0021] 

As shown in drawing 1 , the manufacturing installation 10 of the fullerene concerning the gestalt of 
operation of the 1st of this invention The fullerene generation furnace 1 1 which is an example of 
fullerene generation equipment, and the component of the soot-like matter to fullerene and others and 
the decollator 12 which specifically separates a multi-annular aromatic compound and a carbon system 
macromolecule component according to conditions, It has the gas cooling equipment 13 which cools the 
gas which went via the decollator 12, and the decompression device 14 which consists of a vacuum 
pump which attracts the gas lowered by gas cooling equipment 13. Hereafter, these are explained in 
detail. 
[0022] 

With the gestalt of this operation, since generation of fullerene uses the combustion method, the 
fullerene generation furnace 1 1 makes the internal pressure reduced pressure conditions and the 
desirable condition (20 or more-Torr for example, 100 or less Torr) near a vacuum to atmospheric 
pressure. Fullerene hydrocarbon raw materials (only henceforth a hydrocarbon raw material) introduced 
from introductory tubing which was formed in the side face or base of this fullerene generation furnace 
11, and which is not illustrated, such as toluene and benzene, were gasified, and oxygen was mixed, and 
it considered as mixed gas, and has introduced in the fullerene generation furnace 11. 
[0023] 

And in the fullerene generation furnace 1 1, it has the burner 15 for carrying out the incomplete 
combustion of the hydrocarbon raw material. The mixed gas of a carbonaceous raw material and oxygen 
is supplied to a burner 15. The air current (soot- like matter content air current) which contains the soot- 
like matter containing fullerene continuously according to such structure can be manufactured. With the 
gestalt of this operation, from the hot soot-like matter content air current generated from this fullerene 
generation furnace 11, fullerene is separated and manufacture of a lot of [ continuous and ] fullerene is 
performed. 
[0024] 

The decollator 12 is installed in the lower stream of a river of the fullerene generation furnace 1 1 
through the gas temperature fall means 16. This gas temperature fall means 16 with the gestalt of this 
operation It has the pipe (piping, path) 17 cooled by predetermined temperature in the perimeter, and the 
inlet (not shown) which blows an air current from a slanting tangential direction into this pipe 17. When 
the soot-like matter content air current of a turbulent flow condition passes through the inside of this 
pipe 17 at an elevated temperature Cooling is carried out from a perimeter, the temperature is lowered to 
predetermined temperature (for example, beyond the liquefaction temperature of a multi-annular 
aromatic compound beyond [ below the solidification temperature of fullerene or beyond the 
solidification temperature of fullerene ] below the heat-resistant temperature of a decollator 12), and it is 
sent in the decollator 12. 
[0025] 

In addition, the inlet which generates a revolution style in a pipe 17 may be established in the flange 18 
of an entrance side, may connect a branch pipe to the exhaust pipe 19 connected to the fullerene 
generation furnace 1 1 further at plurality, and may connect this branch pipe to a slanting tangential 
direction in the location of the upstream of a pipe 17. Thus, since the air current passed by constituting 
touches the medial surface in a pipe 17 positively, it is cooled efficiently. Moreover, since an air current 
is positively passed near the wall by evaporation having a difficult carbon system giant-molecule 
component (carbon black being included) so much in an air current, and the rate of flow of the wall part 
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in a pipe 17 becoming slow, and establishing an air-current revolution device as mentioned above by the 
flow of the usual straight air current although it is in the inclination for the inside of a pipe 17 to be 
blockaded gradually, deposition of a solid is reducible. 
[0026] 

Moreover, the temperature of a soot-like matter content air current can also be lowered by changing into 
a turbulent flow condition the soot-like matter content air current which passes a pipe 17 as a gas 
temperature fall means 16, and making it pass. In this case, since it is easy to generate lock out of 
****** in a pipe 17, it is desirable to gather the rate of the gas passed as much as possible. 
[0027] 

A decollator 12 is for separating a part for the solid content in the soot-like matter content air current 
generated from the fullerene generation furnace 1 1, and an air current, and equips the interior with the 
heat-resistant filter 20. Although the more high thing of the heat-resistant temperature of the heat- 
resistant filter 20 is desirable, in practice In passing the vaporized multi-annular aromatic compound and 
collecting fullerene and carbon system macromolecule components (******) The temperature of gas is 
embraced and it is 300-500 degrees C (preferably). The heat-resistant temperature of 400-500 degrees C 
is enough, and to pass the vaporized fullerene and the vaporized multi-annular aromatic compound and 
collect carbon system macromolecule components, it is necessary to use the filter of the heat-resistant 
temperature of 600 - 750 degrees. 
[0028] 

The structure of a decollator 12 turns into bag filter structure used for the usual dust collector etc., and is 
constituted by the heat-resistant filter 20 which this bag filter described above. As such a heat-resistant 
filter 20, for example, the sintered metallic filter by the Japanese pole company, the sintered metallic 
filter by the Fuji filter company, etc. are mentioned. The magnitude of a filter opening is suitably chosen 
according to the combustion conditions which make fullerene generate, or the description of the soot- 
like matter. 
[0029] 

The aeropulse device 21 in which the solidification object (for example, a carbon system giant-molecule 
component, fullerene, or a carbon system giant-molecule component) which adhered periodically is 
removed is formed in the upper part at the decollator 12. By having the tank 22 which stores high- 
pressure inert gas (for example, nitrogen and an argon) etc., and a solenoid valve 23, and opening a 
solenoid valve 23 in short-time pulse periodically, this aeropulse device 21 puts in gas in the heat- 
resistant filter 20, drops the solidification object adhering to a perimeter caudad, opens an exhaust valve 
24, and can discharge it now outside. 

And the gas outlet 25 which discharges outside the gas which passed the heat-resistant filter 20 is 

established in the upper part of a decollator 12. 

[0030] 

Drawing 2 put the same decollator 27 as such a decollator 12 on two steps of serials, and arranges 
another gas temperature fall means 28 on the way. In addition, in the manufacturing installation 29 of 
the fullerene concerning the gestalt of operation of the 2nd of this invention shown in drawing 2 , the 
same component as the manufacturing installation 10 of the above mentioned fullerene attaches the 
same number, and omits the detailed explanation. 

If the temperature (for example, 600 degrees C) of the gas which came out of the decollator 12 to this 
decollator 27 is lowered further (for example, 400 degrees) and is supplied with the gas temperature fall 
means 28, it will solidify with the gas temperature fall means 28, and the gas-like fullerene which passed 
the decollator 12 will be recovered by the decollator 27. On the other hand, the still lower multi-annular 
aromatic compound of coagulation temperature will also pass a decollator 27 further. 
[0031] 

Gas cooling equipment 13 is formed in the gas outlet 25 (in the manufacturing installation 10 of the 
fullerene concerning the gestalt of the 1st operation, it becomes the gas outlet 25 of a decollator 12) of a 
decollator 27. The same as that of the usual heat exchanger or the multi-annular aromatic compound 
which serves as approximated structure and is contained in an air current liquefies, and this gas cooling 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



3/10/2005 



Page 5 of 6 



equipment 13 is discharged from a lower drain. 

In addition, in a certain case, the gas temperature which flows into gas cooling equipment 13 contains 
500 degrees C or more of fullerene evaporated in gas. In this case, if gas cooling equipment 13 cools gas 
at about 200-100 degrees C, the liquefaction object of the solidification object of fullerene and a multi- 
annular aromatic compound will be obtained. 
[0032] 

The decompression device 14 which follows this gas cooling equipment 13 consists of the usual vacuum 
pump. In addition, since the sublimation temperature of fullerene changes also with degree of vacuums, 
it controls a decompression device 14 to become the pressure which can collect fullerene from the 
amount of the hydrocarbon raw material to supply, oxygen, and inert gas most efficiently. 
In addition, in front of gas cooling equipment 13, further, the special equipment which collects the 
fullerene generated by lowering temperature and multi-annular aromatic compounds is formed, and gas 
cooling equipment 13 may be used only in order to cool the gas which passes to a decompression device 
14 below to predetermined temperature. 
[0033] 

Then, the manufacture approach of the fullerene concerning the gestalt of 1 operation of this invention is 

described. 

Process (1) 

In the process (1) of this invention, the soot-like matter content air current containing fullerene is 
acquired. Under the present circumstances, although fullerene is performed with the combustion method 
to which the incomplete combustion of the hydrocarbon (hydrocarbon raw material) used as a raw 
material is carried out using the fullerene generation furnace 1 1, it can also manufacture with the 
thermal decomposition method which makes a hydrocarbon raw material disassemble into the bottom of 
high temperature depending on the case. 

In the case of fullerene manufacture, since a multi-annular aromatic compound (PAH) and a carbon 
system giant-molecule component (soot-like component containing carbon black) are also produced in 
coincidence, this soot-like matter content air current turns into an air current (soot-like matter content air 
current) containing fullerene, a multi-annular aromatic compound, and the soot-like matter containing a 
carbon system giant-molecule component. 
[0034] 

Since the temperature field where the maximum temperature in a fullerene composition region is low 
temperature comparatively compared with about 2000 degrees C and other approaches, and fullerene 
exists in the state of a gaseous phase, and carbon system macromolecule components other than 
fullerene which occupy many of soot-like matter especially exist in the state of a solid-state tends to 
specify a combustion method toward mass production method of fullerene and it can separate fullerene 
efficiently, it is desirable. 

What is necessary is it to be common to carry out under reduced pressure to atmospheric pressure as a 
flow and pressure requirement, and just to choose whenever [ reduced pressure ] suitably, when 
manufacturing fullerene with a combustion method. As a concrete flow and pressure requirement, the 
displacement of a decompression device 14 is adjusted so that it may be set to 20 - lOOTorr (still more 
preferably 30 - 50Torr), for example. 

Although what is necessary is just to choose suitably as temperature conditions in the fullerene 
generation furnace 1 1 according to the flow and pressure requirement which carried out point **, 1600- 
2000 degrees C is desirable especially, and it is especially desirable that it is 1700-1900 degrees C. 
[0035] 

As a hydrocarbon used as the raw material of fullerene, the aromatic hydrocarbon of the carbon numbers 
6-20, such as benzene, toluene, a xylene, naphthalene, a methylnaphthalene, an anthracene, and a 
phenanthrene, is used suitably. Moreover, as a hydrocarbon raw material, it may use together to these 
aromatic hydrocarbon, and aliphatic hydrocarbon, such as a hexane, a heptane, and an octane, may be 
used. 
[0036] 
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The hydrocarbon raw material used in a combustion method acts on coincidence also as a heat source. 
That is, this hydrocarbon raw material generates the carbon unit for forming a fullerene frame by 
carrying out the dehydrogenation of the hydrocarbon raw material while raising the temperature which 
reacts with oxygen, generates heat and becomes generable [ fullerene ]. Carbon units gather on a fixed 
pressure and temperature conditions, and form fullerene. 
[0037] 

As amount of the oxygen used used in a combustion method, although it changes a little also with 
classes of hydrocarbon raw material, it is desirable that the amount of the carbon in a hydrocarbon raw 
material, the mole ratio of the oxygen to be used, and a C/O ratio are 0.7-1.3, and it is still more 
desirable that it is 1.0-1.2. 

Inert gas may be made to exist in the system of reaction in a combustion method to fullerene in addition 
to oxygen. In the gestalt of this operation, inert gas means fullerene and the gas which does not react 
substantially. As a class of inert gas, helium, neon, an argon, nitrogen, and such mixture are mentioned. 
[0038] 

In the soot-like matter content air current acquired by the combustion method, fullerene and a multi- 
annular aromatic compound are contained. The remainders other than these are hydrocarbons, carbon 
black, etc. of a giant molecule which usually have some hydrogen atom by making carbon graphite 
structure with graphite structure into a frame (carbon system giant-molecule component). 
It is desirable that fullerene is contained in the soot-like matter content air current acquired at a process 
(1) 5% of the weight or more, and being contained especially 15% or more is desirable 10 more% or 
more. 

Moreover, although there will be no limit in a carbon number if the fullerene manufactured according to 
the gestalt of this operation has fullerene structure, it is usually the fullerene of carbon numbers 60-84, 
and it is desirable that the percentage of C60 and C70 is 50% or more in [ all ] fullerene especially, and 
it is desirable that it is especially 80% or more 70 more% or more. 
[0039] 

The soot-like matter content air current acquired at a process (1) has a loose rate, and usually has the 
temperature of 300 degrees C or more. This air current may be offered to the following process (2) as it 
is, the inert gas style of point ** is supplied, for example, an air speed may be raised, and the 
effectiveness in a process (2) may be raised, and this soot-like matter content air current may be heated 
if needed. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgLejje 



3/10/2005 



Page 1 of 5 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 



[Example] 

Although an example is shown below and this invention is explained to it still more concretely, unless 
the summary of this invention is exceeded, this invention is not limited to the following examples. 
[0068] 
(Example 1) 

3.8mg of soot-like matter obtained by the combustion method by using toluene as a raw material was 
heated from the room temperature to 1 150 degrees C in 20-degree-C per minute by 100 cc/of desiccation 
nitrogen gas in inside using the apparatus for thermogravimetry ( TG-DTA6300 by SEIKO CORP.), and 
change of weight was measured. 
The obtained result is shown in drawing 3 . 

In drawing 3 , in a left axis of ordinate, a right axis of ordinate shows the rate of change of the rate of a 
raw material, and an axis of abscissa shows heating temperature for the rate of loss in quantity to the 
weight of 3.8mg. 

A passage clear from the graph which was shown in drawing 3 and which shows weight reduction, and 
the graph which shows weight rate of change, if temperature becomes 100 degrees C or more, weight 
will decrease gradually, and it turns out that weight reduction is accelerated from near 400 degree C. 
And in an elevated-temperature field 500 degrees C or more, the weight of the soot-like matter decreases 
rapidly. This is that a lot of fullerene in the soot-like matter will sublimate if it takes into consideration 
that the sublimation temperature of fullerene is 400-800 degrees C, and it turns out that the rapid 
decrease of weight of the soot-like matter arose. 
[0069] 

Furthermore, qualitative analysis of the gas constituents generated when the soot-like matter was heated 
was performed on condition that the following using the quadrupole form mass spectroscope (two to 
JEOL auto mass AM15 mold). A result is shown in drawing 4 . 
Measuring method The :EI method 
Furnace section temperature : 290 degrees C 
Transfer tube temperature : 285 degrees C 

Interface temperature : 285 degrees C 

Ionization chamber temperature : 260 degrees C 

Photograph mull electrical potential difference : 450V 

Ionizing voltage : 70eV 

Ionizing current :300microA 

Mass range : 10-400amu 

Scanning speed : 1000msec 

[0070] 

In drawing 4 , an axis of ordinate shows the relative intensity of an ion spectrum, and an axis of abscissa 
shows heating temperature. From drawing 4 , the peak which shows existence of multi-annular aromatic 
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compounds, such as aromatic compounds, such as benzene (molecular weight 78), toluene (molecular 
weight 92), and a xylene (molecular weight 106), and naphthalene (molecular weight 128), an 
anthracene (molecular weight 178), was checked in the temperature requirement lower than the 
sublimation temperature of fullerene in the gas which heated the soot-like matter and occurred. As for 
this, a multi-annular aromatic compound also shows that it is separable by the gaseous state as well as 
aromatic compounds, such as benzene. 

Fullerene and/or a multi-annular aromatic compound are separable from the fullerene and the multi- 
annular aromatic compound which were obtained by the combustion method, and the soot-like matter 
containing a carbon system macromolecule component by the gaseous state with the above example. 
Therefore, from the air current containing such soot-like matter, it is possible to separate fullerene 
and/or a multi-annular aromatic compound by the gaseous state continuously, and fullerene is 
continuously understood are disengageable from the air current containing this soot-like matter. 
[0071] 

(Examples 2 and 3) 

Next, the example 2 which checks the operation effectiveness of this invention and which went to 
accumulate is explained. In this example, the manufacturing installation 10 of the fullerene shown in 
drawing 1 was used. In addition, before using toluene (purity is high) as a hydrocarbon raw material and 
supplying toluene and oxygen to a burner 15, flow regulators A and B are formed in the supply way of 
the gasified toluene, and the supply way of oxygen, respectively, the mixing chamber which mixes the 
toluene and oxygen which passed each flow regulator A and B further is prepared, and it is considering 
as the structure which can supply the toluene and oxygen of a predetermined rate to a burner 15 by the 
specified quantity beforehand. Mixed gas is stably supplied in a furnace by adjusting these flow 
regulators A and B by producing the mixed gas which adjusted the elementary composition ratio (C/O 
ratio) of the carbon in the toluene to the oxygen at the time of toluene burning to the predetermined 
ratio, holding this produced mixed gas in the pressure accumulation interior of a room of a burner 15, 
and making it breathe out from the delivery of a burner 15. 
[0072] 

And a decompression device (vacuum pump) 14 is operated, the inside of the fullerene generation 
furnace 1 1 is exhausted, and the interior of the fullerene generation furnace 1 1 is held in the 
predetermined reduced pressure condition. By this, the generated soot-like matter content air current is 
supplied to the decollator 12 through an exhaust pipe 19 and the gas temperature fall means 16, carrying 
out the incomplete combustion of the mixed gas breathed out from the burner 15 under this reduced 
pressure condition. 

By gas cooling equipment 13, it is cooled by temperature low enough and the air current which passed 
through the decollator 12 is once sent to a decompression device 14. Here, 30 shows a bulb. 
[0073] 

Next, the procedure of the example 2 of this invention and an example 3 is explained to a detail, 
the elementary composition ratio (C/O ratio) of the carbon in the toluene to the oxygen at the time of 
toluene burning — 0.7 or more — and 1.3 or less, the amount of toluene and the amount of oxygen are 
adjusted by each flow regulators A and B, respectively, it introduces in a mixing chamber, and mixed 
gas is produced so that it may become 1.0 or more and 1.2 or less preferably. 
Subsequently, mixed gas is breathed out and burned in the fullerene generation furnace 1 1 in 70- 
lOOcm/second in rate from the discharge part of a burner 15, operating a decompression device 14 and 
exhausting the inside of the fullerene generation furnace 1 1. this time - the inside of the fullerene 
generation furnace 1 1 - for example, 20 or more Torrs and 100 or less Torrs of displacement of a 
decompression device 14 are adjusted so that it may be preferably maintained by the reduced pressure 
condition of 30 or more Torrs and 50 Torrs or less. 
[0074] 

Since the mixed gas of toluene and oxygen is in the condition by which premixing was fully carried out 
before being supplied in a furnace, combustion of toluene advances to homogeneity and it can make 
temperature in the fullerene generation furnace 1 1 homogeneity and an elevated temperature (for 
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example, 1600-2000 degrees C, preferably 1700-1900 degrees C). 

Moreover, since C/O ratio furnace internal pressure is controlled in the predetermined range, in case 
non-burned toluene is heated and it decomposes, generation of the soot-like matter is controlled, and a 
fullerene precursor generates so much. For this reason, the generation rate of fullerene can improve and 
the yield of fullerene can be gathered. 
[0075] 

Here, in order to raise the temperature of combustion gas further, before carrying out the regurgitation of 
the mixed gas into the fullerene generation furnace 1 1, it is desirable to become hot beforehand. It heats, 
in case the electrical and electric equipment and a thermal heater are wound around piping and mixed 
gas passes as an approach, for example. In order to gather the yield of fullerene, the high temperature of 
the temperature of this preheating is [ that what is necessary is just beyond the temperature to which 
mixed gas maintains a gaseous state ] more desirable as much as possible. However, in order to prevent 
explosion by autogenous ignition etc., it carries out to under the carbon content compound, i.e., the self- 
ignition temperature of toluene. 

The example in which it experimented using the manufacturing installation 10 of this fullerene is shown 
in Table 1, comparing with the conventional example. 
[0076] 
[Table 1] 
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[0077] 

In addition, the decollator entrance-side temperature in examples 2 and 3 and the example 1 of a 
comparison controlled the temperature of a soot-like matter content air current by controlling the gas 
temperature fall means 16. 

The amount of the fullerene in the soot-like matter was measured with liquid chromatography, and the 
amount of the multi-annular aromatic compound in the soot-like matter was measured with the gas 
chromatography. 

As shown also in Table 1, when temperature of the soot-like matter content air current supplied to a 
decollator 12 is made into 570 degrees C (in the case of an example 2), the multi-annular aromatic 
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compound in a soot-like matter content air current evaporates, the heat-resistant filter 20 is passed, and it 
turns out that fullerene is contained in the soot-like matter as a result. 

Moreover, if temperature of the soot-like matter content air current supplied to a decollator 12 is made 
into 630 degrees C (in the case of an example 3), the amount of the fullerene collected with a decollator 
12 will decrease, and the amount of fullerene which collects in the gas cooling equipment 13 of the latter 
part of a decollator 12 will increase. Therefore, fullerene is also recoverable in this case using the 
manufacturing installation 29 of the fullerene shown in drawing 2 . 
[0078] 

1. Conditions of above Mentioned Liquid Chromatography 
Equipment: 1 100 made from Agilent 

Eluate: 48vol% TOL/MeOH A part for 0.8 m 17 
Column: YMC-Pack ODS-AM, S-3 micrometers, 12nm 
75*4.6mmI.D. 

Column temperature: 40 degrees C Wavelength: 308nm 

Injection rate: Smicro liter (60= 100-400 ppm of inside C of a sample) 

((C) 70= 50-300 ppm of inside of a sample) 

[0079] 

2. Procedure of Analysis of Fullerene in in Soot-like Matter 

(1) Weigh 0.0 15g of soot-like matter precisely in 10 m 1. screw tubing (A). 

(2) Next, add trimethyl benzene (TMB) =7m 1. (6g), and weigh a solvent addition precisely (B). 

(3) After mixing, by the supersonic wave, process for 15 minutes and cool to a room temperature. 

(4) Set a DESUMIKKU filter (0.5 micrometer-PTFE) to a plastic syringe. 

(5) Add LC sample to a syringe lm liter grade, and filter to LC vial bottle. 

(6) Carry out LC analysis. 
Dilution ratio = B/A (about 400) 
[0080] 

1. The above mentioned gas chromatography was performed on condition that the following. 
Equipment: H.P.6850 Series (FED) 

Column: DB-1HT 15m * 0.25mm 0.1 micrometers 
(Precolumn: Deact Fused Silica lm*0.25mm) 

Oven temperature: It is ->350 degree C (2 minutes) by 60 degrees C -> 12 degrees-C/. Total = 26.17 
minutes 

Inlet temperature: 350 degrees C Detector temperature: 360 degrees C 
A part for column flow rate 1 m l./(helium=52.8kPa) Column + makeup 
Flow rate: A part for 30 m 17 

The impregnation approach: Split loess (purge time amount 2 minutes) Purge flow rate: A part for 50 m 
17 

Hydrogen flow rate: A part for 35 m 17 Air flow rate: A part for 350 m 17 
Washing: Three sample -> washing, five pumps Five after [ impregnation ] washing 
Injection rate: 1 micro liter 
Incorporation rate: 20Hz 
[0081] 

2. Procedure (Multi-Annular Aromatic Compound Analysis in Soot-like Matter (Limit of Detection = 20 
Ppm)) of Analysis of Multi-Annular Aromatic Compound in Soot-like Matter 

* If the soot-like matter concentration in a toluene (TOL) solution is high, a multi-annular aromatic 
compound component is not extracted by toluene, but since it remains in a multi-annular aromatic 
compound component, let it be the following dilution ratio. 

(1) Weigh O.Olg of samples precisely to 25 m 1. Erlenmeyer flask [A]. 

(2) Process toluene for 15 minutes and 5m L, in addition a supersonic wave extract it. 

(3) Beforehand, set a DESUMIKKU filter (0.5 micrometer-PTFE) to 10 m 1. glass syringe, and wash 
TOL=5m L in 2 steps. 
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(Blank control from a filter) 

(4) Weigh precisely the dry weight of a 100 m I. eggplant flask (lid lump) [B]. 

(5) Supply the sample whole quantity to a syringe and collect >50 m L eggplant hula SUKOHE filtrate 
(solid content removal). 

(6) Supply TOL=5m 1. to a syringe again, and collect eggplant hula SUKOHE washing filtrate. 

(7) Make an evaporator set and harden an eggplant flask by drying. 

(8) Evaporator conditions (temperature = 50 degrees C, reduced pressure =250 ->60torr) 

(9) Add TOL=lm 1. with the syringe only for multi-annular aromatic compounds. 

(10) Dissolve the multi-annular aromatic compound component in an eggplant flask (hand control). 

(11) Weigh a sample + eggplant flask (lid lump) precisely [C]. 

(12) Move a sample to GC vial bottle and carry out GC analysis. 

(13) The count approach 

the multi-annular aromatic compound s (ppm) - =IS concentration (ppm) / IS area ***** annular 
aromatic compound s area *([C]-[B])/[A] 
* Deduct a TOL solvent blank. 
[0082] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2, **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the outline block diagram of the manufacturing installation of the fullerene concerning 
the gestalt of operation of the 1st of this invention. 

[Drawing 2] It is the outline block diagram of the manufacturing installation of the fullerene concerning 
the gestalt of operation of the 2nd of this invention. 

[Drawing 3] It is the graph which showed the weight reduction at the time of heating the soot-like 
matter. 

[Drawing 4] It is the graph which shows the qualitative-analysis result of the gas which occurred when 
the said soot-like matter was heated. 
[Description of Notations] 

10: The manufacturing installation of fullerene, llrfullerene generation furnace, 12:decollator, 13:gas 
cooling equipment, 14:decompression device, 15:burner, 16:gas temperature fall means, 17:pipe, 
18:flange, 19:exhaust pipe, 20:thermal-resistance filter, 21:aeropulse device, 22:tank, 23:solenoid valve, 
24:exhaust valve, 25:gas outlet, 27:decollator, 28:gas temperature fall means, the manufacturing 
installation of 29 .fullerene, 30 : bulb 
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1. This document has been translated by computer. So the translation may not reflect the original 
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2. **** shows the word which can not be translated. 
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DRAWINGS 
[Drawing 11 




[Drawing 2] 
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[Drawing 3] 
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[Drawing 4] 
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